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ABSTARCT
Integrated nutrient management (INM) aims to synchronize nutrient supply with crop demand through combined use of organic, inorganic, and biological sources. A field experiment was conducted to evaluate the influence of INM on growth, yield, quality, and soil health of cucumber (Cucumis sativus L.) cv. Sheetal. Treatments included control, 100% recommended dose of fertilizer (RDF), FYM + 50% RDF, FYM + biofertilizer + 50% RDF, and FYM + biofertilizer + 75% RDF. The combined application of farmyard manure (FYM), biofertilizers, and 75% RDF significantly improved vine length (225 cm), number of leaves per vine (35), leaf area index (3.8), and root biomass (26 g). The same treatment recorded superior fruit yield (6.00 kg/vine) and quality attributes, including higher total soluble solids (4.8 °Brix) and ascorbic acid content (8.8 mg/100g). Soil organic carbon, available nutrients (N, P, K), and microbial biomass C also increased notably under integrated nutrient regimes. The study established that partial substitution of chemical fertilizers with FYM and biofertilizers not only enhanced yield and fruit quality but also sustained soil fertility.
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INTRODUCTION
	Cucumber (Cucumis sativus L.), a member of the family Cucurbitaceae, is one of the most important vegetable crops cultivated across tropical and subtropical regions of the world. It is widely consumed both as a salad and as a pickling vegetable because of its crisp texture, refreshing taste, and rich nutrient composition. Cucumber fruits contain approximately 95% water and are a good source of vitamins, minerals, and antioxidants, especially vitamin C and β‑carotene. In India, cucumber holds a significant place among summer vegetables and is cultivated both under open‑field and protected structures. However, continuous cropping and indiscriminate use of chemical fertilizers have resulted in declining soil fertility, reduced nutrient use efficiency, and deterioration of soil biological health. 
Integrated nutrient management (INM) is recognized as an essential approach for achieving higher yields while minimizing negative impacts on soil health. According to Thriveni et al., (2015), INM involves the balanced application of chemical fertilizers together with organic manures, crop residues, bio-fertilizers, and other biological sources. Continuous reliance on high levels of chemical fertilizers can reduce nutrient uptake efficiency in plants, leading to stagnant or declining yields and contributing to environmental pollution (Singh & Kalloo, 2000). Integrating diverse nutrient sources has been shown to improve growth, yield, and quality attributes in vegetable crops compared with the sole application of recommended doses of chemical fertilizers (Kumar et al., 2018). Consequently, the concept of Integrated Nutrient Management has gained worldwide attention in recent years, primarily due to its potential for reducing fertilizer costs while maintaining sustainable productivity.
Despite considerable progress, region‑specific studies on INM effects under varied soil and climatic conditions are still limited. Cultivar differences, soil type, and management practices can influence crop response to integrated nutrient systems. Hence, a location‑specific approach is necessary to find the optimum level of integration between organic, inorganic, and biological components. In this context, cucumber cv. Sheetal, a high‑yielding and widely adopted variety, provides an ideal system for studying nutrient management effects due to its sensitivity to nutrient supply and high commercial value. Understanding how INM influences its growth, yield, quality, and soil fertility parameters will contribute valuable insights for optimizing sustainable cucumber production systems.
The present investigation entitled “Influence of Integrated Nutrient Management on Cucumber (Cucumis sativus L.) cv. Sheetal” was undertaken to evaluate the combined effect of FYM, biofertilizers, and different levels of RDF on vegetative growth, yield attributes, fruit quality, and soil health. The objectives were to i) assess the impact of INM combinations on morphological and physiological growth parameters, ii) determine their influence on yield and quality characteristics, iii) evaluate post‑harvest soil fertility and microbial biomass status. This research aims to substantiate the potential of INM practices as a sustainable and productive alternative to purely chemical‑based fertilizer systems for cucumber cultivation under field conditions.

MATERIALS AND METHODS
 Experimental Site
The experiment was conducted during the 2023–24 cropping season at the Research Farm of Career Point University, Kota, Rajasthan, India (25.18° N, 75.83° E). This site is located in the semi-arid zone of Rajasthan, characterized by hot summers and moderate winters. The soil of the experimental field was sandy loam in texture with moderate fertility status. 

Experimental Design and Treatments
The study was laid out in a Randomized Block Design (RBD) with five treatments replicated four times. The treatments consisted of different Integrated Nutrient Management (INM) combinations, as follows:
List 1: Treatment details
	Treatment
	Treatment details

	T1
	Control

	T2
	100% RDF

	T3
	FYM + 50% RDF

	T4
	FYM + Biofertilizer + 50% RDF

	T5
	FYM + Biofertilizer + 75% RDF


 
The recommended dose of fertilizer (RDF) for cucumber was 90:60:60 kg N-P2O5-K2O per hectare.
Field Preparation and Crop Establishment
The field was prepared by two cross-ploughings followed by harrowing and leveling. FYM, as per the treatment requirement, was applied and incorporated into the soil 15 days before sowing. 
Biofertilizers (Azotobacter and phosphate-solubilizing bacteria) were applied as seed treatment at the rate of 20 g per kg seed, followed by shade drying for 30 minutes before sowing. Seeds of a uniform, high-yielding cucumber variety were sown manually on raised beds at a spacing of 2.0 × 0.5 m. Standard agronomic practices such as irrigation, weeding, and plant protection measures were uniformly followed for all treatments.
Fertilizer Application
Chemical fertilizers were applied according to each treatment:
Full dose of phosphorus (P) and potassium (K) and half dose of nitrogen (N) were applied basally. The remaining nitrogen was applied 30 days after sowing as top dressing.
Observations Recorded
Vegetative Growth Parameters
Vine Length (cm)
Vine length was measured from ground level to the last tip of main stem of the plant of five randomly selected plants at the time of maturity. Vine length was taken at harvesting stage
Number of Leaves per Vine
Total functional leaves were counted.
Leaf Area Index (LAI)
Leaf area index was measured using a leaf area meter
Root Biomass (g)
Plants were uprooted at final harvest, washed thoroughly, and oven dried at 70°C for 72 hours to record dry weight and the outcomes were expressed as (g). 
Yield and Quality Parameters
Fruit Number per Vine
The number of fruits per vine of five randomly selected vines were   counted, averaged, and subjected to statistical analysis. 
Average Fruit Weight (g) 
Average fruit weight was taken from randomly five fruits from randomly selected plants   by using physical balance, averaged, and subjected to statistical analysis.
Total Soluble Solids (TSS)
 	Determined of TSS was done with the help of a digital refractometer and expressed in °
Ascorbic Acid (mg/100 g)
Estimated by titration using 2,6-dichlorophenol indophenol dye method and results was expressed as mg/100 g. 
Yield per Vine (kg)
Yield per vine was calculated by multiplying fruit number and average fruit weight.
Soil Health Parameters
Soil samples were collected from a depth of 0–15 cm before sowing and after the final harvest.
Soil Organic Carbon (%)  
Soil organic content in soil was done by Walkley and Black method.
Available Nitrogen (kg/ha)
Available Nitrogen in soil content was done Alkaline KMnO4 method
Available Phosphorus (kg/ha)
Available Phosphorus in soil was done be the Olsen’s method.
Available Potassium (kg/ha)
Available Potassium in soil was done by the methodology of flame photometer using neutral normal ammonium acetate extract
Microbial Biomass Carbon (mg/kg)
Microbial Biomass Carbon was determined using the chloroform fumigation-extraction method.
Statistical Analysis
Data collected from all observations were subjected to analysis of variance (ANOVA) using the Randomized Block Design (RBD) model. Treatment means were compared using Critical Difference (CD) at 5% level of significance. The standard error of mean (SEm ±) was also computed for each parameter.
RESULTS AND DISCUSSION 
Vegetative parameters
	The data presented in Table 1 indicate that different integrated nutrient management (INM) treatments had a significant effect on the vegetative growth parameters of cucumber. A progressive increase in vine length, number of leaves per vine, leaf area index (LAI), and root biomass was observed with the application of organic manures and biofertilizers in combination with inorganic fertilizers. The maximum vine length (225.87 cm) was recorded in the treatment receiving FYM + Biofertilizer + 75% RDF, which was significantly superior to all other treatments. This was followed by FYM + Biofertilizer + 50% RDF (218.34 cm), while the minimum vine length (145.98 cm) was observed under the control (no fertilizer) treatment.	
Similarly, the number of leaves per vine showed a marked increase with integrated nutrient application. The treatment FYM + Biofertilizer + 75% RDF produced the highest number of leaves (35.77), whereas the control recorded the lowest (18.65). A similar trend was recorded for leaf area index (LAI) and root biomass, where the treatment FYM + Biofertilizer + 75% RDF exhibited the highest LAI (3.89) and root biomass (26.08 g), significantly outperforming other treatments. The lowest values for these parameters were recorded in the control treatment (2.56 and 12.57 g, respectively).
The enhancement of vine length observed under integrated nutrient management (INM) practices can be attributed to improved nutrient availability and enhanced soil fertility resulting from the combined application of organic manures, inorganic fertilizers, and bio-fertilizers. Studies have shown that INM promotes better vegetative growth by supplying nutrients in both readily available and slow-release forms, supporting sustained cell elongation and division, which ultimately contributes to increased vine length. Similar trends have been reported in cucumber, where the integrated application of FYM, vermicompost, chemical fertilizers, and bio fertilizers significantly improved vine growth compared with sole chemical fertilization (Kharga et al., 2019).
The significant increase in leaf number per vine under INM may be due to enhanced nutrient uptake and improved physiological functioning facilitated by organic amendments and beneficial microbial activity. Biofertilizers such as Azotobacter and PSB improve nutrient mineralization and availability, leading to the development of a more robust canopy. Improved leaf production increases the photosynthetic surface area, thereby contributing to greater plant vigor. Similar increases in leaf growth and vegetative parameters under INM have been documented in earlier studies on cucumber and other cucurbits (Kharga et al., 2019; Sahu et al., 2020).
The increase in Leaf Area Index (LAI) under INM is likely due to the synergistic effect of organic manures and bio-fertilizers, which improve soil structure, water-holding capacity, and nutrient-use efficiency. These conditions favor optimal foliage development and enhanced morphological growth. Although LAI is not widely reported in cucumber INM studies, increased leaf area and improved canopy architecture have been observed in INM-treated cucurbits, supporting the present findings (Sahu et al., 2020; Prabhu et al., 2003).
Similarly, enhanced root biomass under INM reflects the formation of a more vigorous and efficient root system capable of accessing water and nutrients more effectively. Organic substrates such as FYM and vermicompost increase microbial populations and improve soil aeration, promoting better root proliferation. A stronger root system ensures sustained vegetative growth and greater resilience, ultimately supporting higher crop productivity. Earlier studies in cucumber have also demonstrated enhanced overall growth and yield attributes under integrated nutrient sources, indirectly supporting improved root functioning (Sahu et al., 2020).
Yield and quality parameters
	The data presented in Table 2 reveal that different Integrated Nutrient Management (INM) treatments exerted a significant influence on the yield and fruit quality parameters of cucumber. A gradual and consistent improvement in fruit number per vine, average fruit weight, total soluble solids (TSS), ascorbic acid content, and yield per vine was observed with the combined application of organic manures, biofertilizers, and inorganic fertilizers compared to the control and sole chemical fertilizer treatments. The highest fruit number per vine (25), average fruit weight (240 g), TSS (4.8 °Brix), ascorbic acid content (8.8 mg/100 g), and yield per vine (6.00 kg) were recorded under the treatment receiving FYM + Biofertilizer + 75% RDF, which was significantly superior to all other treatments. This was followed by FYM + Biofertilizer + 50% RDF, which also exhibited a notable improvement in yield and quality attributes. In contrast, the lowest values for all parameters were observed in the control, which recorded only 12 fruits per vine, fruit weight of 140 g, TSS of 3.2 °Brix, ascorbic acid content of 6.5 mg/100 g, and yield of 1.68 kg per vine.
	The present study confirmed that integrated nutrient management (INM) involving the combined application of farmyard manure (FYM), bio-fertilizers, and different levels of recommended dose of fertilizers (RDF) positively influenced fruit yield and quality parameters such as fruit number per vine, average fruit weight, total soluble solids (TSS), and ascorbic acid content. The improvement in yield components under INM can be attributed to enhanced nutrient availability, improved soil structure, and increased microbial activity, which together promote better vegetative and reproductive growth. Similar enhancements in yield attributes under integrated nutrient supply have been reported in cucumber, where combinations of FYM, vermicompost, bio-fertilizers, and reduced chemical fertilizers increased fruit set and fruit weight (Kharga et al., 2019; Sahu et al., 2020).
The highest fruit number and average fruit weight observed under the FYM + bio-fertilizer + 75% RDF treatment indicate that balanced nutrient nutrition optimizes physiological processes governing flowering, fruit retention, and fruit development. Mohan et al. (2017) also reported that reduced chemical fertilizer levels combined with bio-fertilizers and organic manures significantly increased fruit yield in cucumber under protected cultivation.
Quality parameters such as TSS and ascorbic acid content were also enhanced under INM treatments. Improved carbohydrate accumulation and enhanced activity of metabolic enzymes under integrated nutrient sources contribute to higher TSS, while increased micronutrient availability and microbial activity help improve vitamin C synthesis. These results are supported by the findings of Prabhu et al. (2003), who reported improved biochemical quality attributes in cucumber fruits following INM application. 
Furthermore, increased yield per vine under INM treatments in the present study aligns with the broader conclusion across vegetable crops that integrated use of organic and inorganic nutrient sources enhances nutrient-use efficiency and reduces dependence on synthetic fertilizers. Several studies (Kharga et al., 2019; Sahu et al., 2020; Mohan et al., 2017). 
Soil parameters
	The data presented in Table 3 reveal that different INM treatments exerted a significant influence on soil health parameters of cucumber after harvest. A consistent improvement in soil organic carbon, available macronutrients (N, P, and K), and microbial biomass carbon was observed with the integration of organic manures and biofertilizers along with inorganic fertilizers, as compared to control and sole chemical fertilizer application.
The highest soil organic carbon (0.78%) was recorded under the treatment FYM + Biofertilizer + 75% RDF, followed by FYM + Biofertilizer + 50% RDF (0.72%), while the lowest value (0.45%) was noted in the control plot. A similar trend was observed for the available nutrient status of soil. The available nitrogen content ranged from 180 kg/ha in control to 260 kg/ha in FYM + Biofertilizer + 75% RDF, whereas available phosphorus and potassium were maximum (42 and 210 kg/ha, respectively) under the same treatment. The microbial biomass carbon, an important indicator of soil biological activity, also increased markedly with integrated nutrient application. The maximum microbial biomass carbon (380 mg/kg) was observed in the treatment comprising FYM + Biofertilizer + 75% RDF, which was significantly superior to all other treatments.
	The results from Table 3 reveal a significant positive effect of integrated nutrient management (INM) on soil health parameters including soil organic carbon (SOC), available nutrients (N, P, K), and microbial biomass carbon (MBC). There is a clear trend of improvement in these parameters with treatments progressing from control to FYM + biofertilizer + 75% RDF, demonstrating synergistic benefits of combining organic amendments with inorganic fertilizers.
Integrated Nutrient Management (INM) is well-documented for enhancing soil organic carbon (SOC) by adding organic matter through farmyard manure (FYM) and bio-fertilizers, which helps stabilize soil organic carbon and fosters beneficial microbial activity (Barsri Baro et al., 2022). Combining FYM and bio-fertilizers improves soil carbon sequestration and nutrient cycling, leading to sustainable fertility enhancement (Bairwa et al., 2021). Increased availability of nitrogen, phosphorus, and potassium reflects improved nutrient mineralization and retention supported by organic matter and active microbial populations (Barsri Baro et al., 2022). Biofertilizers play a key role in nutrient solubilization and biological nitrogen fixation, amplifying nutrient availability beyond chemical fertilization alone (Verma et al., 2018). Microbial biomass carbon, a key indicator of soil microbial health, peaked under integrated treatments signifying a thriving microbial ecosystem essential for nutrient cycling and soil structural maintenance (Rai et al., 2023; Verma et al., 2018).​
CONCLUSION
The present investigation demonstrated that integrated nutrient management (INM), involving the combined use of farmyard manure (FYM), biofertilizers, and chemical fertilizers at 75% of the recommended dose (RDF), significantly enhanced the growth, yield, and quality attributes of cucumber (Cucumis sativus L.) cv. Sheetal compared to either organic or inorganic sources alone. The treatment FYM + Biofertilizer + 75% RDF recorded the highest vine length, leaf number, leaf area index, and root biomass, reflecting vigorous vegetative growth. Yield and quality parameters such as fruit number, average fruit weight, total soluble solids (TSS), and ascorbic acid content also showed marked improvement under this integrated treatment. Furthermore, soil health indicators-including soil organic carbon, available N, P, K, and microbial biomass carbon-were substantially improved, indicating a positive impact on soil fertility and biological activity. Thus, partial substitution of chemical fertilizers with FYM and biofertilizers not only sustained high productivity and superior fruit quality but also contributed to maintaining long-term soil health. This approach offers a sustainable and eco-friendly nutrient management strategy for enhancing cucumber production efficiency under field conditions.
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Table 1. Effect of INM on Vegetative Growth of Cucumber
	Treatment
	Vine Length (cm)
	Number of Leaves per Vine
	Leaf Area Index (LAI)
	Root Biomass (g)

	Control (No Fertilizer)
	145.98
	18.65
	2.56
	12.57

	100% RDF (Chemical)
	190.34
	25.09
	2.87
	18.76

	FYM + 50% RDF
	205.76
	29.43
	3.23
	21.44

	FYM + Biofertilizer + 50% RDF
	218.34
	32.67
	3.54
	24.11

	FYM + Biofertilizer + 75% RDF
	225.87
	35.77
	3.89
	26.08

	SEm ±
	3.98
	1.36
	0.07
	0.60

	CD at 5%
	12.98
	4.44
	0.23
	1.96



Table 2. Effect of INM on Yield and Fruit Quality
	Treatment
	Fruit Number per Vine
	Average Fruit Weight (g)
	TSS (°Brix)
	Ascorbic Acid (mg/100g)
	Yield per Vine (kg)

	Control
	12 ± 0.7
	140 ± 4.1
	3.2 ± 0.1
	6.5 ± 0.2
	1.68 ± 0.05

	100% RDF
	18 ± 0.9
	180 ± 5.0
	3.8 ± 0.1
	7.2 ± 0.3
	3.24 ± 0.08

	FYM + 50% RDF
	20 ± 1.0
	200 ± 5.3
	4.2 ± 0.1
	7.9 ± 0.3
	4.00 ± 0.09

	FYM + Biofertilizer + 50% RDF
	23 ± 1.1
	220 ± 5.6
	4.5 ± 0.1
	8.3 ± 0.4
	5.06 ± 0.11

	FYM + Biofertilizer + 75% RDF
	25 ± 1.2
	240 ± 6.0
	4.8 ± 0.1
	8.8 ± 0.4
	6.00 ± 0.13

	SEm ±
	0.98
	5.20
	0.10
	0.32
	0.09

	CD at 5%
	3.20
	16.96
	0.33
	1.04
	0.30




Table 3. Effect of INM on Soil Health Parameters
	Treatment
	Soil Organic Carbon (%)
	Available N (kg/ha)
	Available P (kg/ha)
	Available K (kg/ha)
	Microbial Biomass C (mg/kg)

	Control
	0.45 ± 0.01
	180 ± 5
	22 ± 1
	150 ± 4
	210 ± 8

	100% RDF
	0.52 ± 0.02
	210 ± 6
	30 ± 2
	165 ± 5
	250 ± 10

	FYM + 50% RDF
	0.65 ± 0.02
	230 ± 7
	35 ± 2
	180 ± 5
	300 ± 12

	FYM + Biofertilizer + 50% RDF
	0.72 ± 0.03
	245 ± 8
	38 ± 2
	195 ± 6
	350 ± 15

	FYM + Biofertilizer + 75% RDF
	0.78 ± 0.03
	260 ± 8
	42 ± 2
	210 ± 6
	380 ± 15

	SEm ±
	0.02
	6.80
	1.80
	5.20
	12.00

	CD at 5%
	0.07
	22.18
	5.87
	16.96
	39.13







